Single-Molecule Characterization of DNA-Protein Interactions Using Nanopore Biosensors.
Detection and characterization of nucleic acid-protein interactions, particularly those involving DNA and proteins such as transcription factors, enzymes, and DNA packaging proteins, remain significant barriers to our understanding of genetic regulation. Nanopores are an extremely sensitive and versatile sensing platform for label-free detection of single biomolecules. Analyte molecules are drawn to and through a nanoscale aperture by an electrophoretic force, which acts upon their native charge while in the sensing region of the pore. When the nanopore's diameter is only slightly larger than the biopolymer's cross section (typically a few nm); the latter must translocate through the pore in a linear fashion due to the constricted geometry in this region. These features allow nanopores to interrogate protein-nucleic acids in multiple sensing modes: first, by scanning and mapping the locations of binding sites along an analyte molecule, and second, by probing the strength of the bond between a protein and nucleic acid, using the native charge of the nucleic acid to apply an electrophoretic force to the complex while the protein is geometrically prevented from passing through the nanopore. In this chapter, we describe progress toward nanopore sensing of protein-nucleic acid complexes in the context of both mapping binding sites and performing force spectroscopy to determine the strength of interactions. We conclude by reviewing the strengths and challenges of the nanopore technique in the context of studying DNA-protein interactions.